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Introduction
Di abetes requires more effective management for it is a disease that is "skyrocketing, partly because of obesity, partly because it's not treated as effectively as it could be." 1 Worldwide, diabetes is an overwhelming problem due to increasing overweight and the foreseen shortage of highly qualified medical professionals to deliver costeffective care. 2 People at high risk for diabetes should be monitored more closely and encouraged to modify their lifestyle. 3 In here, information and communication technology (ICT) might serve as a solution. A previous literature review demonstrated that use of technology that supports electronic information and communication exchange has a significant positive effect on both clinical and behavioral outcomes, such as knowledge, perceived social support, and health behavior. 4 However, it was not possible to determine the effects on outcomes on the care coordination level (e.g., cost reduction, equity of health care access), possibly due to a lack of robust methods for evaluation of the cost-benefits or a lack of adequate business models for chronic care management by technology.
Current health care systems are often not supportive enough to stimulate the use of technology in chronic care. 5 
Abstract cont.
In 63 of 90 interventions, the interaction had an asynchronous teleconsultation character, in 18 cases interaction was synchronously (videoconferencing), and 9 involved a combination of synchronous with asynchronous interaction. Most of the reported improvements concerned clinical values (n = 49), self-care (n = 46), and satisfaction with technology (n = 43). A minority of studies demonstrated improvements in patient-caregiver interactions (n = 28) and cost reductions (n = 27). Only a few studies reported enhanced quality of life (n = 12), transparency of health care (n = 7), and improved equity in care delivery (n = 4). Asynchronous and synchronous applications appeared to differ in the type of contribution they made to diabetes care compared to usual care: asynchronous applications were more successful in improving clinical values and self-care, whereas synchronous applications led to relatively high usability of technology and cost reduction in terms of lower travel costs for both patients and care providers and reduced unscheduled visits compared to usual care. The combined applications (n = 9) scored best according to quality of life (22.2%) . No differences between synchronous and asynchronous teleconsultation could be observed regarding the positive effect of technology on the quality of patient-provider interaction. Both types of applications resulted in intensified contact and increased frequency of transmission of clinical values with respect to usual care. Fifteen of the studies contained HbA1c data that permitted pooling. There was significant statistical heterogeneity among the pooled randomized controlled trials (χ 2 = 96.46, P < 0.001). The pooled reduction in HbA1c was not statically significant (weighted mean difference -0.10; 95% confidence interval -0.39 to 0.18).
Conclusion:
The included studies suggest that both synchronous and asynchronous teleconsultations for diabetes care are feasible, cost-effective, and reliable. However, it should be noted that many of the included studies showed no significant differences between control (usual care) and intervention groups. This might be due to the diversity and lack of quality in study designs (e.g., inaccurate or incompletely reported sample size calculations). Future research needs quasi-experimental study designs and a holistic approach that focuses on multilevel determinants (clinical, behavioral, and care coordination) to promote self-care and proactive collaborations between health care professionals and patients to manage diabetes care. Also, a participatory design approach is needed in which target users are involved in the development of cost-effective and personalized interventions. Currently, too often technology is developed within the scope of the existing structures of the health care system. Including patients as part of the design team stimulates and enables designers to think differently, unconventionally, or from a new perspective, leading to applications that are better tailored to patients' needs.
In principle, ICT exceeds the boundaries of a health care organization and therefore it does not match with fragmented and disorganized health care. 6 Therefore, next to the advanced information and communication capacities of technology that allow patients to control their own care and behavior, technology should incorporate disease management. According to the Care Continuum Alliance, disease management is a system of coordinated health care interventions and communications for populations with conditions in which patient self-care efforts are significant, such as diabetes. Disease management supports the physician or practitioner/patient relationship and plan of care; emphasizes prevention of exacerbations and complications utilizing evidence-based practice guidelines and patient empowerment strategies; and evaluates clinical, humanistic, and economic outcomes on an ongoing basis with the goal of improving overall health. Only as such can ICT contribute to a more effective health care system. Thus, technology-based interventions should not only address clinical or disease aspects but also consider behavioral control and the care delivery process in order to realize sustainable changes in diabetes care. This implies for health care applications that they should combine information with at least one additional ICT functionality (e.g., monitoring) for behavior change, education, decision support, or social support with peers or families (online chat rooms) to have optimal results. 4, 7 The most promising technology in here is teleconsultation, which is defined as a telemonitoring intervention including patient-caregiver asynchronous communication [monitoring and delivering feedback via email, Internet, cell phone, automated messaging systems, or other equipment without face-to-face contact], or synchronous communication, which involves real-time, face-to-face contact (image and voice) via videoconferencing equipment (television, digital camera, webcam, videophone, etc.) to connect caregivers and one or more patients simultaneously, for instance, for the purpose of education. 8 The aim of this systematic literature review is to assess the effects of teleconsultation for people with diabetes from a holistic perspective by not solely considering clinical outcomes but also holding a behavioral and care coordination viewpoint in order to determine the degree to which existing interactive health care applications contribute to a more effective health system. Clinical outcomes include metabolic control and quality of life. Behavioral outcomes include self-care and patient-caregiver interaction. Care coordination outcomes refer to cost-effectiveness, transparency of the care delivery process, equity of access to care, and usability of equipment to facilitate the care delivery process. Our review, which covers publications from 1994 until 2009, identifies the effects of teleconsultation from a multilevel viewpoint in order to inform both scientists and practitioners about the potential of technology to improve diabetes care.
Methods

Search Strategy
We collected publications regarding the empirical evaluation of health care applications facilitating interaction between caregivers and patients or groups of patients, or among caregivers or patients themselves, using the method for systematic reviews developed by the Centre for Reviews and Dissemination. 9 The review was restricted to studies evaluating teleconsultation developed for type 1, 2, and/or gestational diabetes patients and to English language publications. Publications were identified in two phases. First, publications that appeared between 1994 and 2007 were collected and analyzed between May 2005 and December 2007. 7 Second, given the recent developments in diabetes care and to verify whether more advanced technology and research designs were applied in the meantime, we performed an update of the literature search in June 2009 employing the identical search strategy as in the first case.
No restrictions were imposed on the quality of study designs because assessment studies dealing with interactive health care applications are not widely available. In particular, behavioral or care coordination aspects have seldom been the focus of reviews on diabetes care. Most reviews on diabetes care focus mainly on clinical values in randomized controlled trials (RCTs). 10 In light of a holistic approach, we wanted to provide a broad range of information in order to facilitate decisions about implementing new technology in health care. We excluded studies dealing with broader target groups than diabetes, studies not aimed at patient-caregiver interaction but solely reporting technical aspects of the equipment used, and those that only strived for clinical improvements as well. We included studies that covered both clinical and one or more outcomes (behavioral, care coordination).
The following electronic databases on medicine, psychology, and telemedicine were searched: Medline, Science Direct, Telemedicine and Telecare) . Keyword sets combined the word "diabetes" and one of the following words: "telemedicine," "telecare," "telehealth," "e-health," "teleconsultation," "telemonitoring," or "videoconferencing." We used "telemedicine" because the terms "e-health" and "electronic care" were rarely used in the literature before 2004. In addition to the databases, the reference lists of identified publications were hand searched. Each citation was reviewed and designated as "in," "out," or "uncertain" based on the aforementioned restrictions. Sources designated as "in" or "uncertain" were obtained for further review. Two of the authors independently reviewed titles and abstracts of the identified publications to decide whether they should be examined in full detail. We resolved discrepancies by discussion and/or consulting a third person.
One author completed data extraction forms developed by the Centre for Reviews and Dissemination, recording the following details: study design (evidence level and methods for measurement outcomes, patient selection, description intervention and control groups), study population (type of diabetes, age group, number, and recruitment of patients), and intervention details (care setting, technology used to support the care delivery process, and duration of the intervention). 9 Using the care levels mentioned previously (clinical, behavioral, and care coordination), we developed a checklist to categorize the outcomes of the interventions (see Table 1 ).
Five levels (see Table 2 ) were used to categorize the methodological approaches of the studies. 11 Two authors independently rated the study designs. In case of disagreement, consensus was reached by discussion.
Statistical Methods
A quality assessment was completed for all RCTs using the Jadad scale. 11 This scale contains questions regarding randomization, blinding, and withdrawals that are scored by a yes (1) or no (0). In total, five points can be awarded, with higher points indicating higher study quality.
Points are, however, deducted if the method of randomization and/or the method of blinding is described, but is inappropriate.
Changes in hemoglobin A1c (HbA1c) values were calculated from baseline and follow-up means and standard deviations. Only studies researching effects on adults were included in the meta-analysis. When the deviation of the mean difference was not available in the papers, the authors were contacted. In case of no response or no availability of the requested information, we estimated the variance by using (1) reported confidence intervals, (2) reported P values, or (3) an imputation technique. 12 A random-effects model was used for pooling the included studies because clinical heterogeneity between studies was expected. Between-study heterogeneity was tested using the χ 2 statistic. One study reported data on two intervention groups and one control group. 35 In the meta-analysis, both intervention groups were compared with the same control group, resulting in one extra comparison for this study. In one
Results
Study Characteristics
Of the 2060 potentially relevant publications identified, 90 were included in our final review (see Figure 1) . The Appendix summarizes the intervention characteristics as described in the included publications. In 63 of 90 interventions the interaction had an asynchronous teleconsultation character, 14,15,17-26,28,29,35 -46,48,50,52-57,60,62-66,68 -71,73 -88,90,92,96 in 18 cases interaction was synchronous (videoconferencing), 13, 16, 27, 33, 34, 37, 47, 51, 58, 67, 72, 89, 93, [98] [99] [100] [101] [102] and 9 involved a combination of synchronous with asynchronous interaction. [30] [31] [32] 59, 61, 91, 94, 95, 97 The most frequently applied methodological approach was an observational study (case series or before-after design), which was used in 48 studies. Twenty-eight studies were RCTs, and 8 involved quasi-experimental studies. If not reported otherwise in the Appendix, control groups accurately reflected current standard practices as they would be administered outside of the trial. In other words, "controls"-within the scope of this article-imply those patients who received usual care as practiced at the participating institution, concurrently enrolled along with the intervention group. Other methodological approaches were used only incidentally (4 cohort studies and 2 studies based on expert interviews). Sample sizes ranged from ≤20 (n = 18), ≤100 (n = 43), to >100 (n = 28), and in one case sample size was not specified. Samples sizes include both intervention and control respondents. Respondents were selected by the research team (n = 36), 19,24,27,29,31-33,35,43-45,49,54-57,65,67,68,71,74,77,79-81,83,86-88, 90,92,94,95,97,98,102 the general practitioner (GP) (n = 5), 13, 16, 28, 76, 102 a specialist (n = 8), 20, 28, 46, 64, 69, 52, 78, 85 or via convenience sampling (n = 3). 82, 51, 93 For the remaining studies, it remained unclear who selected the participants (n = 38). Interestingly, we detected a relationship between the selection procedure and the outcome level. First, it appeared that interventions for which a convenience sampling method was used mainly involved videoconferencing 51, 93 and particularly attracted patients that "wanted to maintain their level of health but with minimum intrusiveness." 51 In other words, respondents who had put themselves forward to receive the intervention were searching for convenience and happened to obtain this by means of videoconferencing. Second, those interventions to which the respondents were allocated by their own medical specialist led relatively more frequently to improved clinical values (6 out of 8 studies; 75% 20, 46, 64, 69, 78, 85 ) compared to interventions where participants were recruited via the GP (3 out of 5 studies; 60% 13, 16, 76 ), the research team (20 out of 36; 55.6% 19, 27, 29, 32, 43, 55, 57, 65, 67, 68, 71, 74, 77, 80, 81, 83, 86, 90, 95, 98 ), or via convenience sampling (0 out of 3 studies; 0% 82, 51, 93 ). This might be explained by the intensive treatment relationship among specialist and diabetic patient; the specialist has a very clear impression for which patients the intervention might be suited. Third, in cases which the GP was responsible for patient recruitment, the interventions particularly served educational purposes by means of videoconferencing, leading to higher levels of knowledge among patients. 16, 18, 102 A variety of research methods were used to gather data: interviews, focus groups, log files, and nonstandardized questionnaires. Also, one usability test 15 and a cognitive walk-through 61 were used. Validated questionnaires were used in 27 of the 90 studies to measure usability of technology, quality of life, and self-care. The Telemedicine Satisfaction Questionnaire was used for measuring usability of technology. 21 Zung Self-Rating Depression Scale, 98 Depression Short-CARE, 94 Diabetes Distress Scale, 94 and Health-Related Quality of Life. 43 The Diabetes Knowledge Assessment, 27 Test of Diabetes Knowledge mTDK, 78, 98 Diabetes Treatment Satisfaction Questionnaire, 58 Appraisal of Diabetes Scale, 58 Diabetes Management Self-Efficacy Scale, 35 Diabetes SelfCare Activity Scale, 43, 81 Diabetes Empowerment Scale, 55, 98 and Diabetes Care Profile 98 were used to measure selfcare. Sometimes, researchers developed and validated an instrument themselves. 44, 57, 97 The Appendix presents improvements found in the included studies per outcome level (clinical values, quality of life, patient-caregiver interaction, self-care, usability, cost reduction, transparency, and equity). Most of the studies reported clinical improvements (n = 49; 37 asynchronous, 9 synchronous, and 3 combined interventions), followed by usability of technology (n = 43; 27 asynchronous, 12 synchronous, and 4 combined interventions), self-care (n = 42; 34 asynchronous, 6 synchronous, and 2 combined interventions), patient-caregiver interaction (n = 28; 21 asynchronous, 5 synchronous interventions, and 2 combined interventions), and cost reduction (n = 27; 15 asynchronous, 9 synchronous, and 3 combined interventions). A minority of the studies reported improvements in quality of life (n = 12; 7 asynchronous, 3 synchronous, and 2 combined interventions), transparency of care delivery guidelines (n = 7; 4 asynchronous, 2 synchronous, and 1 combined intervention), and in equity in access to health care (n = 4; 3 synchronous and 1 combined intervention).
Settings and Interventions
Interventions took place in different care settings (see Appendix): 40 took place in primary care settings, 15, 22, 25, [30] [31] [32] 36, 37, 49, [52] [53] [54] 56, 58, 65, [68] [69] [70] 73, 76, 77, [79] [80] [81] [82] [83] [84] [85] [87] [88] [89] [90] [91] [92] [93] [94] [95] 97, 102 29 in secondary care settings, 16-20,26,28,29,33,35,39,40,45-48, 51,55,60,63,64,67,72,78,89,96,100,101 and 13 in integrated care settings. 14, 21, 34, 38, 43, 44, 50, 57, 59, 61, 71, 74, 98 In seven studies, the setting was not specified 13, 23, 41, 42, 66, 75, 86 and one study was carried out in tertiary care. 62 Half of the studies took place in the United States (n = 45 14,16,17,24,26,28,30-32, 36,37,43,47,49,52-59,61,65,72,73,76,79-83,87,88,90-95,97-101 ). Five were in Spain 41, 42, 45, 48, 60 or in the United Kingdom. 15, 35, 40, 44, 74 Four studies were conducted in Australia 71, 75, 78, 89 or in Denmark. 34, 38, 39, 67 Three studies were performed in Poland 25, 63, 64 and China. 27, 96, 102 The remaining studies took place in Canada, 51, 69 Taiwan, 68 The Netherlands, 23, 86 Korea, 29, 62 Norway, 33, 50 Austria, 13, 84 France, 19, 46 Germany, 20 Italy, 66, 85 and Israel. 22 In three cases, the study was conducted in multiple countries: Italy, Spain and Norway 18, 21 and Wales and Germany. organization learning 13 or information theories, 75 and health information management theory. 61 It appeared that 37 out of 90 studies involved interventions with team-based care settings consisting of a specialized nurse, a specialist, or a primary care provider supported by a case manager to coordinate the care delivery process, 21, [29] [30] [31] [32] [34] [35] [36] 38, 39, 44, 54, 55, 57, [59] [60] [61] 67, 68, 70, 73, 78, 83, 88, [90] [91] [92] [93] [94] [95] 97, 99 a team with primary care providers, nurses, and a call center, 74 or patients, peers, and care providers. 15 In three publications, a health care team was mentioned, but it remained unclear of whom this team consisted. 16, 24, 98 Different types of technologies were used for measuring and sending clinical data: palmtops, glucometers, cell phones, and digital cameras. In most cases (60 out of 90 studies), stand-alone applications were used, such as mobile (smart) phones or personal digital assistants (PDAs), 14 
Clinical Effects
Improved Clinical Values
Hemoglobin A1c levels were measured in 25 RCTs, [20] [21] [22] 25, 29, 35, 40, 45, 46, 49, 50, 55, 60, 63, 65, 66, 68, [76] [77] [78] 81, 83, 84, 90, 93 but only 15 were suitable for meta-analysis. Two RCTs studied only children 46, 78 and were therefore not included in the metaanalysis. Three trials solely involved two intervention groups 29, 49, 65 and 2 were excluded because it concerned a crossover design. 45, 84 Furthermore, we excluded 1 study given the patients had gestational diabetes. 55 Two studies were excluded because using an imputation technique was unadvisable, as data provided by the author differed from published data 21 or the author did not provide data. 90 Changes in HbA1c values were calculated from baseline and follow-up means and standard deviations. The Jadad quality scores of pooled trials varied from 0 to 3 (see Table 3 ). 21, 50 or the care setting remained unspecified. 66 Trials varied in duration from 3 to 12 months. Only 3 of the pooled RCTs showed a significant difference in HbA1c between intervention and control groups. 68, 81, 83 In one study, the control group even showed a significantly larger fall in HbA1c compared to the intervention group. 93 Of the 10 RCTs that were excluded from meta-analysis, 3 studies demonstrated a significant difference between intervention and control groups. 21, 46, 84 7 studies evaluating synchronous communication, 13, 27, 47, 58, 93, 98, 99 and 1 concerning a combination of synchronous and asynchronous communication. 32 Improvements in intervention groups, however, were not always significant compared to a control group (usual care). 19, 77, 86 In 1 study, control group participants even outperformed intervention participants. 93 Improvements with regard to metabolic control were achieved in several types of interventions: Web-based care management programs for patients who have poor metabolic control, with automatic data transmission, educational modules, and messaging systems for communication and personal feedback. All types of media were employed in these interventions: motivational phone calls, palmtop computers, cell phones, telemedicine units, or videoconferencing.
Other clinical improvements concerned (independent of study design): self-reported health status diminished, 98 diabetes regulation, 90 lipid profiles, 77, 86 stable ulcer healing, 67 total calorie intake, 27 and cardiovascular risk factor control. 90 Several interventions were successful in decreasing body mass index 27, 43, 98 and/or weight, 95, 98 although these changes were not always significant. 43, 98 Cholesterol concentrations decreased significantly in Figure 2 . Comparison of changes in hemoglobin A1c control versus intervention. SD, standard deviation; IV, intravenous; CI, confidence interval. four interventions, 50, 58, 68, 70 but in one case, however, cholesterol levels increased. 16 Interventions were particularly beneficial for a decrease in fasting blood glucose levels, 22, 29, 50, 57, 68, 85 mean blood glucose levels, 19, 63, 64 and postprandial glucose levels. 29, 57, 85 Glycemic control improved in four interventions, 27, [63] [64] [65] even as (systolic a nd/or d iastol ic) blood pressu re. 4 3, 5 0,69,70,7 7, 8 3, 86,95,98 Interventions that were beneficial on multiple clinical outcome levels particularly concerned interventions with mobile phones aimed at giving feedback. 63, 64, 70, 85 Improved Quality of Life Quality of life improved in a slightly lower amount of studies compared to HbA1c. 19, 22, 25, 27, 28, 30, 58, 60, 64, 76, 93, 95 Of these, seven interventions were asynchronous, three were synchronous, and two interventions were combined. In five studies, improvement in quality of life was not significant compared to usual care. 25 Interventions also helped patients feel less stressed 58 or depressed. 22, 95 In one study, surprisingly, the rate of depression increased while using an intervention. 98 This might be explained by the significant increase in knowledge that the intervention (educational sessions through videoconferencing) realized. Knowledge or information overload might evoke awareness of one's situation, leading to depression. Another study reported an increase in level of worry and the degree in which diabetes affected the patients' life. 93 A relatively high amount of interventions with a positive impact on quality of life involved synchronous communication with video. 27, 30, 58, 93 Three of these interventions 27, 58, 93 concerned educational interventions. In two cases of these, videoconferencing took place in a community setting, 27, 93 whereas the other intervention 30 consisted of a home message system that allowed monitoring and communication by videophone. In four interventions, patients and care providers interacted via a home telemedicine unit. 22, 25, 28, 95 Patients in the telemonitoring group needed to have a personal computer (PC) with Internet access at home. A home telemedicine unit is composed of two modules: a patient unit and a medical unit connected by a computer network. Patients using the telemedicine system were asked to download their data from the blood glucose monitoring device into the PC via an infrared connection and send all results via the Internet to the care provider. Generally, both units offer tools to doctors and patients for data collection, data analysis, and decision support and are enabled to send messages and/or therapeutic advice to the patients. In the remaining interventions, a Web-based disease management program was used, 76 a glucometer with a modem, 60 a mobile phone, 19, 64 and/or a PDA.
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Behavioral Effects
Improved Interaction
Twenty-eight studies reported improvements in patientcaregiver interactions (see Appendix). 26 This is a diabetes monitoring system that has a small blood glucose monitoring device integrated into the battery pack of a cell phone. Adolescents were not enthusiastic about the impact of the phone on the relationship with their parents.
Both asynchronous and synchronous interventions generated identical interactional benefits: increased intensity of contact between provider and patient, 23, 28, 39, 45, 48, 57, 76 providers perceived as more supportive according to patients, 95, 97 more effective communication, 34, 39, 45, 57, 78, 85 increased metabolic data transmission, 23, 28, 48, 76 availability and completeness of data among caregivers, 23, 76 and improved communication between caregivers 57,100 or with peers. 35, 53, 100 In general, patients believed that the lack of physical contact was acceptable.
No trend could be observed in the type of medium and/or intervention that was contributing most positively to the quality of interaction. A blood glucose meter was used six times that automatically sends data to a system that generates computer-generated feedback for monitoring purposes and, if necessary, from a care provider. 18, 46, 48, 66, 73, 82 Another six times, a home telemedicine was employed, which, in the most advanced case, was a system that integrates communication with three different medical devices (glucometer, insulin pump, and continuous glucose sensor) with a personal logbook, visualization, therapy viewing, and so on. 25 Six interventions had a synchronous character, 2 were a combination of asynchronous and synchronous interactions, and the remaining 34 were asynchronous. In six studies, the improvement was significant compared to usual care. 22, 49, 63, 65, 77, 94 In five publications, interventions had no 29, 35, 78 or a negative 61, 93 impact on self-care. The fact that these interventions focused primarily on general education and not specifically on how to cope with diabetes possibly accounts for this. In these cases, standardized education programs were provided, not tailored specifically to the patients' individual characteristics. Twenty-three of the 42 studies showed that the technology better enabled patients to manage their d i s ea s e. Various instruments were used to measure disease management, varying from interviews to focus groups and nonstandardized questionnaires. However, none of the instruments had been validated before. Interventions that helped patients manage their diabetes better particularly included asynchronous interventions: home telemedicine units 22, 28, 45, 56, 57, 97 and Web-based disease management programs. 15, 38, 39, 53, 54, 82 Synchronous communication appeared less suitable for enhancing self-management, as of these 23 interventions, only 1 had a synchronous character (videoconferencing). 97 Furthermore, it appeared from 13 studies that technology increased the frequency with which patients monitored their levels of blood glucose or blood pressure or monitored their meals. 19, 29, 38, 43, 45, 49, 63, 69, 77, 81, 88, 92 Seven studies reported an improvement in knowledge, each measuring knowledge with a different (whether or not validated) instrument. 16, 27, 60, 81, 85, 97, 98 Relatively many of these knowledge-improving interventions concerned synchronous communication. 16, 27, 98 Given the facts that only 1 out of 23 interventions that explicitly enhanced self-management concerned synchronous interaction and that the majority of the knowledge-improving interventions involved synchronous interventions on the contrary, one might conclude that synchronous communication is more appropriate to improve knowledge, whereas asynchronous interaction is suitable to enhance disease management. Other indicators for increased levels of self-care among patients were better management of blood sugar transfer/adherence with medication 14, 16, 29, 47, 68, 92 and a better understanding of the patient's own medical condition. 28, 45, 54, 62, 81 
Care Coordination Effects
Usability
Fifty-six studies included usability of technology as an outcome measure. In the majority of these interventions (n = 45), usability of technology was assessed positively among its users. Generally, usability was assessed via general items such as "technology is useful" 15,18,22,24,25,35,45,48,53 ,69,70,71,73,75,80,81,83,84,85,87,88,93,95,98 and/or the technology appeared "easy to use." 13, 15, 19, 20, 22, 26, 27, 28, 30, 33, 41, 43, 45, 47, 51, 58, 66, 71, 72, 81, 84, 88, 91, 96, 101, 102 Asynchronous interaction interventions were particularly reviewed as helpful, whereas synchronous interaction (videoconferencing) was mainly perceived as user-friendly. No systematic comparisons could be made with regular care as the control group participants did not use technology. Usability was particularly measured via interviews or questionnaires. The majority of studies focused on patients. Only four evaluations solely incorporated caregivers. 18, 73, 86, 90 Nine publications reported an outstandingly high rate of respondents who assessed usability positively, implying that at least 90% of respondents expressed high satisfaction with the technology. 26, 30, 35, 58, 72, 81, 85, 93, 96 Half of these interventions concerned synchronous communication through videoconferencing 30, 58, 72, 93 and four interventions involved (mobile) phones. 26, 35, 81, 85 Also, one intervention that led to extremely high satisfaction included a hand-held computer that automatically sent dietary and clinical data to a diabetes team and with the possibility of system-generated feedback. The four highly appreciated synchronous interventions were all characterized by an educational purpose, mainly on nutrition. 58, 93 The useful and easy-to-use interventions with a mobile phone each targeted another aspect of diabetes: nutrition, 85 treatment regimen, 81 lifestyle, 35 and blood glucose. 26 Mobile phone interventions consisted of a cell phone-based diabetes management software system used with Web-based data analytics and optimization tools. The software provided real-time feedback on patients' nutrition or blood glucose levels, displayed patients' medication regimens, incorporated hypo-and hyperglycemia treatment algorithms, and requested additional data needed to evaluate diabetes management. Patient data captured and transferred to secure servers were usually analyzed by proprietary statistical algorithms. The system sent computer-generated feedback to the patient but also to patients' care providers, so the latter could contact the patient if necessary. Web-based disease management programs provide automatic transmission of clinical values, educational modules, and a messaging system for communication and personal feedback (warning messages and instruction). Web-based systems sometimes appeared unreliable, 39, 54 as laboratory results were sometimes missed or the provided information was inaccurate. Also, Web-based systems led to frustration among patients 39, 82 or among providers. 38 In 5 cases, dissatisfaction concerned the functioning of a home telemedicine unit, which is a specially modified computer that connects to the Internet and is designed to support self-monitoring and electronic upload of finger-stick glucose and blood pressure, logging, and messaging with a care provider. The main problem was that these telemedicine units generated installation problems 56, 91 or patients' inability to master the unit due to a lack of fine eye-hand coordination. Only in 1 case was dissatisfaction expressed regarding videoconferencing. 91 The latter concerned connectivity problems, the impossibility for the visiting nurse to upload images to the record prior to video consultation, unstable audio signal, and an exaggerated red color of the skin on the image.
Other publications also mentioned ICT-related problems. The most frequently mentioned problem was that patients perceived the technology as too complex to handle (n = 17) 19, 25, 26, 31, 41, 48, 50, 55, 61, 69, 70, 71, 76, 88, 91, 95, 102 and/or too time-consuming to implement in daily routine (n = 15). 20, 29, 38, 39, 43, 45, 48, 55, 63, 69, 70, 76, 85, 86, 97 In 10 cases, there was a lack of an adequate infrastructure 21, 23, 31, 66, 67, 75, 81, 84, 91, 102 or there were organizational difficulties, such as the inability to agree on a suitable time for the consultation. 31, 49 Sometimes (n = 9) patients experienced that using the technology led to information overload, 23, 28, 38, 39, 54, 75, 86, 91, 97 and sometimes patients were reluctant to cooperate, resulting in unreliable clinical data transmissions (n = 7). 13, 20, 38, 62, 68, 91, 102 In four interventions, ICT-based care was thought to reduce the trusting and confidential relationship between patients and caregivers. 20, 38, 82, 91 These negative side effects are considerable and should be a subject of future research.
Reduction of Costs
In sum, 33 studies mentioned costs. In 27 of them, costs decreased as a consequence of teleconsultation. In the other 6 studies, costs increased or remained the same. Nine of the studies that demonstrated cost reduction involved synchronous communication 13,33,37,72,89,97,100, 101,102 and 3 concerned combined interventions. [30] [31] [32] The interaction in the remaining interventions occurred asynchronously (n = 15). 17, 20, 26, 28, 36, 39, 41, 50, 52, 57, 60, 64, 74, 87, 90 Cost-effectiveness was not measured uniformly among the various studies: by means of interviews, by nonstandardized questionnaires, and by retrieving data from visit logs. Also, cost-effectiveness and cost savings were expressed in various ways: in terms of quality-adjusted life years, 74 incremental cost-effectiveness ratios, 17 savings per year per patient, reduction of overall utilization and charges after 1 year, or treatment time of caregivers. Because cost-effectiveness was not measured uniformly and the intervention characteristics (duration, type of technology, number of professionals and patients involved, and so on) varied strongly among the studies, it was impossible to determine a cutoff point for significant cost savings. Therefore, we were not able to draw more specific conclusions about significant levels of cost savings.
Cost savings were particularly achieved in a reduction of health care utilization costs: a decrease in consultation time, 20, 60, 64, 97 decreased number of hospital admissions, 13, 32, 36 emergency department visits, 30, 31, 72 hospitalizations, 30, 37, 72 number of bed days of care, 30, 32, 36 and discharges to home care. 37 Lower treatment costs refer to the potential of teleconsultation to provide the same number of patient encounters at lower costs, 90 the decrease of recertification of patients, 37 and the replacement of conventional visits by videoconferencing. 72 Seven studies showed that teleconsultation led to more just-in-time care instead of just-in-case (more preventive care). Three interventions reduced unscheduled primary care visits, [30] [31] [32] decreased the number of doctor visits, 26, 39, 50 and led to more timely follow-up. 57 In four cases, teleconsultation generated lower travel costs for patients 30, 33, 101 and caregivers. 89 Cost reductions were, for the most part, found in observational studies without a control group, 13, 20, 26, 30, 33, 36, 39, 41, 57, 64, 72, 74, 87, 89, 97, 100, 102 in which costs were calculated during the intervention period and compared to costs before intervention took place. In 11 studies, cost reductions of teleconsultation were compared to a control group receiving usual care. 17, 20, 28, 31, 32, 37, 50, 52, 60, 90, 101 Of the 27 interventions that led to cost reduction, almost half concerned synchronous communication t h roug h v ide o con fer e nc i ng. 13 39 Overall, it appeared that videoconferencing and combined interventions were more successful in reducing costs compared to Web-based disease management systems. This might be caused by the fact that Web-based systems require care providers to spend extra time on working with the system, whereas system use duration for video conferencing equals face-to-face consultation duration.
Not all studies considering cost-effectiveness demonstrated reduced costs. Six studies reported an increase in costs due to teleconsultation or a lack of (significant) difference between the intervention and the control group. 20, 24, 34, 60, 78, 80, 83, 84 Teleconsultation significantly increased physician's time, as patients tended to call more often, 20 it took more time to review data and to reply per SMS to patients, 84 and it took more time updating care plans and communicating over the Web with patients compared to usual care. 83 One videoconferencing intervention implied that a lot of time had to be spent on scheduling and waiting in time of delay. 34 In one study, more time was needed to handle technical problems.
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Improved Transparency
Enhanced transparency was reported in seven publications: four about an intervention with an asynchronous character, 52, 56, 73, 86 two with a synchronous character, 33, 100 and one with combined character. 97 From these studies, it appeared that implementing clinical practice guidelines led to a significant decrease in HbA1c , 52, 86 to more complete patient records, 86, 97 to enhanced coordination in treatment with diabetic foot ulcers, 33 or to simplify the process of deciding which patients to include in the intervention. 56 Only in one study was there a significant difference between the intervention group and usual care. 52 No relationship could be observed regarding the type of intervention and outcomes on the transparency level.
Improved Equity
Four interventions characterized by synchronous communication (video) were reported to have improved equity, such as better access to specialized health care in underserved areas 31, 72, 100, 101 or to patients with complex medical conditions. 31 Those interventions also appeared to be cost-effective, as it reduced patients' travel and waiting time.
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Reported Shortcomings of Studies
Several publications reported shortcomings of the studies. Most frequently mentioned were the lack of a significant difference between the intervention and the control group, [19] [20] [21] [22] 25, 27, 29, 36, 40, 49, 52, 58, 60, 63, 66, 76, 78, 86, 90, 93, 101 the inability to measure long-term effects of the intervention, 16, 21, 26, 28, 29, 36, 40, 43, 55, 64, 65, 71, 76, 79, 90, 93, 99 the fact that interventions sometimes inherently lead to improved results because of a selection bias, 17, 19, 24, 26, 29, 36, 39, 44, 63, 64, 65, 68, 69, 70, 79, 81, 85, 87, 92, 94 some patient groups benefit more from the intervention than others, 31, 44, 79, 80, 83, 86, 87, 97 e.g., patients with poor metabolic control, 86 high use of health care, 31 motivated patients, 46 and inexperienced patients, 20, 30, 86 or other shortcomings. Most of the reported improvements concerned clinical values (n = 49), self-care (n = 46), and satisfaction with technology (n = 43). A minority of studies demonstrated improvements in patient-caregiver interactions (n = 28) or cost reductions (n = 27). Only a few studies reported an enhanced quality of life (n = 12), transparency of health care (n = 7), and improved equity in care delivery (n = 4).
Asynchronous and synchronous applications appeared to differ in the type of contribution that was made to diabetes care compared to usual care.
• Interventions characterized by asynchronous interaction (n = 63) reported relatively more improvements in clinical values (58%) and self-care (54%). Asynchronous applications appeared to have more impact on selfcontrol and disease management in providing more reliable monitoring results (provided automatically and personally by phone) and intensified contact between patients and caregivers.
• Synchronous applications (n = 18) reported relatively more improvements in usability of technology (67%) and cost reduction (50%). Synchronous applications are more user-friendly and cost-effective in terms of lower travel costs for both patients and care providers and reduced unscheduled visits.
• Combined applications (n = 9) scored best according to quality of life (22.2%) compared to asynchronous and synchronous applications.
• Both synchronous (n = 18) and combined applications (n = 9) had a relatively more positive influence on transparency of health care (both 11%, compared to 6% of asynchronous applications) and equity (16 and 11% for synchronous and combined applications compared to 0% of asynchronous applications). Our findings indicate that ICT, especially asynchronous applications such as mobile phones, is being used increasingly for improving diabetes care, resulting in an increased and even more reliable transmission of clinical values and intensified patient-caregiver information exchange. Given the claim that managing diabetes care should be based on a holistic approach that focuses on different levels of care (clinical feasibility as well as behavioral change and care coordination), we observed that most interventions addressed one or more levels of disease control. However, these interventions were mostly not based on a disease management approach such as the chronic care model: a proactive collaboration between patient and caregivers. Only in a minority of interventions was such a model applied (n = 10). Technology-based diabetes care interventions are rarely used to support collaboration between caregivers and patients aimed at a better balance between self-care and professional care.
As prior reviews also reported, technology-based interventions do not often lead to significant improvements compared to usual care due to practical difficulties to manipulate inclusion criteria for intervention and control groups (randomization problems, dropouts). 7, 103 However, a comparison with usual care is sensitive for bias. Therefore, to determine the impact of technology on diabetes care it is more relevant to determine which aspect of a particular technology improves which aspect of diabetes care. For example, when considering the impact of automated versus personal feedback on the intensity and reliability of monitoring clinical values, it is interesting to investigate the effects of synchronous versus asynchronous applications on the quality of communication and emotional outcomes. In light of economical outcomes it is worthwhile to find out the optimal intensity of online or phone contacts to realize cost savings and to enhance the quality of care.
To evaluate the impact of technology on diabetes care we need more advanced methods than RCTs. 107 From 2006, we detected an increase in the number of RCTs. The fact that most studies have their roots in medical research that favor traditional RCTs in clinical control settings may account for this. However, several disadvantages are inherent to RCTs that impede adequate investigation of the impact of implementing technology in health care organizations: selection bias (patients might be recruited whose prognosis is better than average), study procedures (e.g., in an RCT patients may receive intensive diagnostic procedures and follow-up care difficult to achieve in the "real world"), incomplete reporting of adverse effects of interventions, and, most importantly within the view of this review, outcome measures (e.g., RCTs use composite measures used infrequently in clinical practice). Recently, a debate started that cast doubt on the ideas that "observational studies should not be used for defining evidence-based medical care" and that RCT results are "evidence of the highest grade," as observational and quasi-experimental studies provide results of the same strength as RCTs. Moreover, observational and quasiexperimental designs enable researchers to study effects of particular intervention characteristics, such as tailored patient-caregiver interaction, which are impossible in a double-blinded, randomized trial.
Future Research
Despite an increase in the number of RCTs since 2006, the number of studies that showed significant improvements in outcomes (on a clinical, behavioral, and/or care coordination level) due to technology did not rise. During the past 16 years, hardly any changes in clinical outcomes and quality of life due to technology could be demonstrated compared to usual care. This may be due to inadequate study designs (e.g., inaccurate or incompletely reported sample size calculations, too small sample sizes to detect significant differences), the lack of robust measurements, and a one-sided focus on comparing interventions to usual care. Given the claim that technology is a challenge for future care, we have to investigate the role of technology in optimizing diabetes care in more detail. This requires quasi-experimental study designs and a holistic approach focusing on multilevel determinants (clinical, behavioral, and care coordination) to promote self-care and proactive collaborations between health care professionals and patients to manage diabetes care. Also, we need a more participatory design approach (involvement of target users in the development of health care interventions) in developing cost-effective and personalized interventions, implying that we have to study what type of intervention designs have the largest impact on disease management. For instance, personalized medicine, such as involvement of patients in the development of health care interventions, can enhance persistence in usage and adherence to treatment plans. 104 Involvement of care professionals, payers (e.g., insurance companies), and patients in the development of disease management interventions can overcome the myopic approach of diabetes care interventions that are disease and complications driven, neglecting patient self-management supporting needs and emotional and economical outcomes. 6 The involvement of stakeholders in the design, implementation, and evaluation process of technological applications might optimize the contribution of technology to the quality of health care.
One of the most relevant functionalities in technologybased care for persistence in compliance with treatments appeared to be the method for providing feedback on outcomes and behavior. In most of the included studies, feedback was given personally or in combination with automated computer-generated feedback in case of alarming values. To enhance disease control, computergenerated feedback can be more reliable than personal feedback. 105 However, we have no insight in the pros and cons of automated-generated electronic feedback. Future research could assess the differences in feedback modalities on the frequency and reliability of disease control (e.g., glucose) and on adherence to treatment goals.
Another issue is the increased use of advanced mobile technologies, such as PDAs and mobile phones in combination with Web-based disease programs, for education and instruction. Future research should focus on how smartphones or other smart technology can be used as integrated systems for monitoring, education, and data exchange.
Implications for Practice
Based on this review, we provide the following practical implications for supporting diabetes care via technology:
• Participatory development of interventions to realize personalized medicine instead of template medicine
• Key stakeholders (payers, professionals, and patients) should be involved in the development of interventions to create cooperation and collaboration and to assess the critical values for improvement for sustainable care (adequate business models)
• Multifaceted architecture of interventions: self-management of clinical values is most effective when combined with education and information to motivate and persuade patients to do the right thing at the right moment and to support health care professionals to modify the treatment program 106 • The deployment of mobile technology, which appeared a promising application for monitoring and feedback
